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rThe following is a summary of the activities being pursued, and the
progress made, during the third quarter of calendar year 196A.
I.	 Contamination Control Study (NASA Contract No. N-13245A)
A. r1escription. This project involves preparation of the NASA
CONTAMINATION CONTROL HANDBOOK. Trie handbook assenbles in one
document reliable technical information and data and other 	 e
information pertinent to the field but not readily available
from any one source. It further provides practical information
applicable to specific contamination control situations.
Included in this study activity is the requirement for the
review and coordination of revisions or changes furnished by
the George C. Marshall Space Fliqht Center technical represen-
tatives, supporting research to develop or verify euggested
changes, and incorporation of changes in the , handhook text.
B. Progress. The levels of accomplishment durinq the quarter
are illustrated by the followinq activities:
1. The preliminary copy of the handbook was reviewed for errors
and correctness of technical content.
2. Revisions or changes recommended by NASA centers were
received and reviewed.
3. Discussions were held with NASA representatives to verify
the validit y and interpretation of the recommended revisions.
4. Revisions were examined with relation to the handbook text
for the most effective method of incorporation.
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5. Revisions incorporated in the handbook text consisted of:
15 - typographical changes to correct spellinq, omissions,
punctuation, etc.
32 pages - changes in format of tables, charts, ntc.
24 paragraphs - revised to improve clarity of content
17 paragraphs - revised to incorporate technical changes.
Tables of Contents and page numbers were changed as required
to the above revisions.
6. Revisions were reviewed and coordinated with the Technical
Information Department and the reproducible masters revised
and proofed for correctness.
7. Printing of a limited number of revised copies was completed
under the supervision of the Technical Information division.
8. The reproducible masters and ten copies of the revised
handbook were submitted to the George C. Marshall Space Fliqht
Center (MSFC).
9. Additional supporting research has been requested by MSFC
on the subject of maintaining cleanliness by packaging and
during handling, transport, and storage. Consideration will
also be given to developing more data on radiation and
personnel training as they are related to contamination
control.
The development of additional information and amplifica-
tion of these subjects was initiated and su pported by receipt
of modification No. 4 to Contract H-13245A, dated August 3C, i%%t.
Progress in 'his area included:
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a. Collecting data and information concerning clean packag-
ing, handling, and storage.
b. Contacting NASA contractors and technical representa-
tives involved in maintaining cleanliness of space
hardware.
c. Visiting some contractor plants to obtain information
on the circumstances involved in maintaininq a prescribed
cleanliness level of a product.
II. Sampling for Bacterial Identification Purposes
A. Description. The ability to confidently and economically
determine what species of bacteria are present on various portions
of an Apollo mission depends upon several factors. Among these
are: The number of species being considered, the number of
biochemical tests needed for identification purposes, and the
number of colonies that must be identified in order that all
species present (of those being considered) are identified
with some prescribed probability.
B. Progress. Work described in the previous quarterly report
addressed the question of determining the fewest (or perhaps
the most economical) number of biochemical tests tn use for
microbial identification purposes given that the bacterial
species to be identified were known and that adequate test data
was available.
This quarter, a preliminary model to determine the number
of colonies that must be identified in order that all species
of concern be identified with a prescribed probability has been
developed.
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This preliminary model is based upon the assumptions that all
species of bacteria that it is deemed desirous to identify
occur with equal likelihood and that the removal of bacteria
during sampling will have no appreciable affect upon future
sampling results. The former assumption is probably unreasonable
when applied to a complete collection of species beinq considered
but may reasonably be expectec, to approximate reality for select
subsets of such a collection of species. The latter assumption
seems realistic in view of current Public Health Service data
at Cape Kennedy and the small ratio of sampled siirfa+rP to snarP-
craft surface.
Based upon the above assumptions, P n,N , the probability that
All species present on an Apollo module that belong to a prescribed
list of N species be identified after the identification of n
colonies, takes the form:
N
P	
= I ( - 1)k l k) (1- k/N)n.
n,N	 k= o
From this, if N is large and n is the smallest number of colonies
for which
Pn,N > as then
n = M inN+YN+n(N)
where y satisfies the relationship P-e Y
	 is the
probability that all M s pecies have been identified.
6
rUsing these latter two relationships, the followinq table of n,
for varying values of a and N, may he obtained:
N
50
Inn
?.n0
500
1 ono
1500
?nnn
n.50 6,76 n.9n n.qn 6.95 n.9q
214 249 271 309 345 426
449 564 611 6A6 759 921
1133 1266 1366 151n 1654 1980
3291 3623 1858 4233 4593 Sang
7275 7936 9469 n159 9879 115n8
115?n 12517 13226 14346 15426 17971
15Q35 17264 1A2n2 1n703 21143 244n3
Several factors influence the number and types of samples
and the locations from which they are taken in order to obtain
the required number of bacterial colonies to be used in
identification. Among these factors are: certain properties
of the species of bacteria under consideration, the nature of
the environment containing the spacecraft and removal character-
istics of the sampling method being employed.
III. Sampling for Quantitative Bioburden Estimate
A. Description. Recoqnizinq that it would be, at hest, a Herculean
task to assay all surfaces of the various components of an
Apollo mission, some basic understanding of the nature of the
microbial distribution on these components is desirable in order
that limited sampling may be used to estimate the total burden.
A first step toward this goal was taken using a simple "birth
and death" model (reported in QR- g). This model assumed that
organisms are deposited and removed (physically or by death)
individually.
B. Progress. Since it is believed that organisms exist in clumped
forms (attached to intramural particles) in most environments
7
rand are, therefore, often deposited or removed from surfaces
in clumps, a revised model allowing such behavior was developed
this past quarter.
This model consists basically of two sub-models: a modal
representing the way in which organisms may attach themselves to
ambient particles in a given environment with both large numbers
of organisms and particles, and a model representing the way
in which particles may he deposited and removed from surfaces.
By combining the two models, one obtains, P(z=k), the probability
that, after sufficient time, the number, z, of or qanisms on a
specified surface (e.g., Apollo module) is equal to k for
k s 0, 1, '?, ... . This final distribution turns out to he a
Neyman ' s Contagious Distrihution of Type A. That is,
	
P (z -k ) _ ^' k--- e-r—	 ik
 (P-1  y ) i .k.	 isio
where x is the mean number of organisms per particle and y
is the mean number of ambient particles on the spacecraft surface.
Letting u(-yx) represent the mean of this distribution, it is
desirable to kncrq the number of square inches n, that must be
sampled in order that
2
Prob	 X- '	 < B > e
	
u	 —
for various values of B and ©, where X is the mean obtained as a
result of sampling the module (Here a is a measure of the deviation
of the sample me-:-^ from the "real" mean.) The number n is deter-
mined in the standard way and a typical result is as follows:
8
With a sampling effic'.ency of mo, and a • 104 , A • 4,
e	 n.RO, the number, n, of samples needed to insure
2
Prob L--- < 1 p4 > 0. Rn
u	 --
for various Apollo mission modules are:
Module location
CM Interior
LM Interior
LM Exterior Descent
LM Exterior Ascent
Minimum 'lumber of Samples
33
17
32
36
The above model assumes an abundance of ambient particles
and microorganisms and seems invalid when used with highly
controlled environments. In order that a model useful in highly
controlled environments be developed, effort is being made to
better understand the nature of particle behavior in such
environments. Primary efforts this past quarter have been
directed toward the creation of controlled levels and ty pes of
airborne particles for use in test environments.
To this end, three particle dissemination methods have been
developed. This activity includes the development of all
pertinent equipment and preliminary evaluation of effective-
ness. These three methods are described below.
M Mechanical Mixing of Spores anc Inert Particles
A method of tagg;ng inert particles with spores that
was described by Norman I... Peterson of CDC, USPHS, in
Phoenix, has been elaborated upon, tested, and checked
with theoretical results.
9
In the procedure, 5 grams of sterilized aluminum oxide
powder of 10 11,  27 vi,  and 50 1, diameters were mixed, respective-
ly, with 1 x 10 7 , 1 x 1n6 , and 1 x 1 n 5 spores of Bacillus
suhtilis var. niger (B.G.) suspended in Q 5°' ethanol. The
spores had been i nsoriated for one minute prior to mi x i nq ,
and during mixing additional g 5°' ethanol was added. The
resulting mixture was insonated for 30 seconds and allowed
to dry in a laminar flow clean bench until it reached the
consistency of a paste. The paste was then mixed thoroughly.
The paste was placed in a vacuum oven and allowed to dry at
40or overni ght. The resulting material was removed from
the oven arid the thin crust on top of the particles broken
up. Very little action was required to break up the crust.
These particles were disseminated into an aerosol chamber
from a 3" long Nalqene test tube with 3 holes 1/2 inch in
diameter and 12n o apart at the bottom of the tube. Air
was forced into the powder from a small glass air jet.
This action dispersed the dust into the aerosol chamber.
After -i short settling period to allow agglomerates to settle
out, an aluminum shield was removed from over petri dishes
which were then exposed to the aerosol. The petri dishes
were incubated overnight and the microcolonies counted.
Colonies with a particle in the center are tagged particles.
Particles without colonies are untagged particles. Colonies
without particles in the center are free B.G. The results
are tabulated below:
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Particle .0 of RG
Size Experimental Theoretical Unattached
(u) a Tagged " Tagged to Particles
In 2.0 1.7 6.7
27 5.3 3.3 3.3
5n 2.5 2.1 n.n
The total number of free B.G. colonies counted were about
the same as the background level of the clean room in which
the aerosol were generated.
The results of the experiment are that Lagged particles
can be easily generated by this method and that there are
virtually no colonies produced by P.G. spores unattached to
particles. One variable that remains to be examined is
the effect that differential settling may have had on the
results. A report is in preparation discussing the details
of the experiment and the theory involved.
(ii) SpinninI Disc Generator
Tagged particles approximately 30 u in diameter were
produced with the spinning disc generator. A quantity of
1 r. 10 Bacillus subtilis var. niger (B.G.) spores were
mixed with 1n0 g of water and 3n g of sucrose to produce a
301 sucrose suspension of B.G. spores. The liquid was
allowed to run onto the spinning disc. The particles
produced quickly dried and were particles of sucrose with
B.G. spores embedded. The particles were sampled using a
membrane filter in a holder with a vacuum pulling the air
through the filter. Some of the filters were used for sizing
and some were placed on damp agar and allowed to form colonies
from the spores.
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fine difficulty encountered in this preliminary study
was that the particles were still somewhat damp when sampled.
A drier has been constructed to alleviate this condition.
Because the liquid was fed to the disc at too hiqh a rate,
the particles produced were not monodispersed. A smaller
needle to feed the liquid wil l correct the particle size
variation.
The experiment showed that taqqed particles can he
reliably p roduced by this method and that particle size can
be easil y varied.
(iii)Acoustic Particle Pisseminatk
A dust generator constructed on the principle of
drivinn an air stream through a bed of particles fluiOized
by sonic disturbances is hein q tested.
Several methods to test the generator were conceived and
tried, but failed for various reasons. The P,oyco particle
counter was unsatisfactory hecause it did not sample enou gh air to
keep the particles suspended. The Sinclair Phoenix photo-
meter was not usable hi-cause the optics quickly became coated
with the particles used. The solution was to sample the air
stream produced with a membrane filter. lifter sampling for
a period of five minutes, the filter is weighed. This
weight is compared with the weight before sampling and a
concentration of particles in the air stream is determined
Farly tests show the output of the generator constant
within 50 0/", over an ;.our test period. With a flow rate of
seven liters per minute and an input of one amp to the device
12
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generating the sonic distrubances, an output of approximately
five milligrams per minute of ten micron diameter aluminum
oxide particles was measured. Various parameters of opera-
tion are heing varied and their effects on the output measured.
The effects of these variations will be included in a report
being written.
IV. Lunar Information System
A. description. As reported in the previous quarterly report
an information system for lunar planetary quarantine has been
designed. Two further documents dealing with this system are
needed: a manual for persons using the system's outputs and a
document describing the precise nature of the system's inputs.
The latter will be dependent upon the manner in which the system
is programmed.
B. Progress. A users manual for the planetary quarantine lunar
information system was written this quarter. It provides a
detailed guide to the nature of the information that may he
obtained from this system.
The communications subroutine of the information system
is designed in a conversational mode. The user's manual developed
this quarter provides a description of all possible conversa-
tions that may take place between the system and its user toqether
with a description of the information that is obtained as a
result of each of these "dialogues".
Additionally, the user's manual provides a complete descrip-
tion of the mechanical procedures used on the CDC 217 Remote
Console to carry on a "conversation" with the system, and a
11
single page foldout with a digest of conversations and their
information outputs.
V.	 Sterilization Modeling and laboratory Work
A. I)escription. This investigation is directed toward sterilization
modeling to the depth required far confidence in generating the
hioengineerinq parameters necessary for achieving planetary
quarantine objectives. Much of the modeling is experimental
and not all of the questions that arise following a computer
experiment have answers available in the open literature. There-
fore, continuity is maintained by carrying on laboratory and
modeling investigations concurrently.
R. Progress in laboratory Work. To best model validity with tempera-
ture the principal parameter, it was necessary to run dry heat
survival studies at three different temperature levels and
with a variable temperature profile (QR 9). The survivor
curves for the constant temperature profiles show a definite
"tailing " effect. A literature search suggested a relationship
may exist between the discharge of ra ++
 from spores and dry heat
inactivation. This hypothesis was checked in the laboratory and,
as may be seen in Fi gure 1, a correlation may indeed exist.
Whether a cause or an effect is being observed is still an open
question. To investigate this further, effort has been extended
on producinq pure clean spores. At the present time two methods
have been investigated. The first involves washing away vegeta-
tive material and centrifugation to layer the two forms. The
second is a two-phase system using a phosphate buffer and poly-
ethylene glycol to separate spores from vegetative matter. Both
14
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methods yield spores of high purity but the time and effort
required for large concentrations are prohibitive.
Once a sufficient number of spores has been prepared, our
efforts will he directed toward defining the effect of ions on
the sterilization process. This knowledge might enable us to
predict the presence of a tail.
C. Progress in Modeling. During the past quarter, computer experi-
ments were initiated with the ultimate goal of includinq water
activity as one of the environmental parameters accounted for in
sterilization modeling. As indicated in OR 9, the Arrhenius
equation as a mode for including temperature as a variable was
scrapped in favor of absolute reaction rate theory. Although the
Arrhenius equation was satisfactory in the variable temperature
a pplication, it did not provide for ready inclusion of water
activity as a variable. On the other hand the rate equation
via absolute reaction rate theory,
r	 kT e-(AHD-TeS4)/RT,
does provide for rate change as a function of entropy of adsorp-
tion.
Various assumptions were made concerninq the aw level for the
survivor curve experiments reported in OR 9. It was assumed that
the entropy of adsorption of the proteinaceous spore matter is
much like that for freeze dried haemoglobin (the only laboratory
16
rdata we found {) and on these bases predictions of survivors
after 2.5 hrs. at 11n oC were made. These results appear in
Figure 2.
It is our opinion that the incorporation of water activity
in modeling of microbial survival is feasihle via this route
since the characteristic curve shapes in Figure 1 roughly agree
with those reported by the various experimenters.
In addition, the loq model was used with D values of .5 hrs.
and .25 hrs. at 175 
o
rand 1350C, respectively, for the variable
temperature profile reported in OR Q . Comparisons of the results
with our OR 9 results are qi ven in Figure 3.
E1ey, n. D. and Leslie, R. B., The Structure and Properties of Biomole-
cules and Biological Systems (J. nuchesne, Ed.). F. 245, Interscience
Publishers, New York, 1964.
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VI	 ► ubl ications
A. P. M. Garst, K. F. Lindell, and W. J. Whitfield, "contamination
control Handhook", SC-M-6A-47(), revised Auqust 1 g6 R. This was
suhmitted to the George r. Marshall Soace Fli qht renter, Hunts-
ville, Alabama, per MASA Order Mo. H-13245A, for puhlication.
VII. Related Activities
A. n. M. Garst visited North American Rocks ,ell corporation, Space
and Pocketdyne divisions, and TRW Inc., SeptemhPr 24-?F.
 MR.
to ohtain information on clean packaging. e
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